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The Standard Model and the Higgs boson.
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Higgs

SM describes known elementary
particles and their interactions

Local gauge invariance does not
allow explicit mass terms in the
Lagrangian — but experiment
shows W and Z to have mass

@ Elementary particles acquire mass through the Higgs (BEH) mechamsm
by interacting with the Higgs field ;

* Introduced 1964 by Brout, Englert and Higgs

2013 NOBEL PRIZE IN PHYSICS
Francois Englert

Peter W. Higgs

@ Candidate discovered by the ATLAS and CMS experiments (2012)
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Introduce a scalar field with vaccum expectation value v # 0

$(x) = (ﬁg((;f)) ) - ($) =25 <2) (unitary gauge)

Mass terms from interaction between Higgs field and gauge bosons and
fermions:

Ly = (D) (Duo) — g5 (brdtpr + Pritpr) — V()
gv vy/g% + g%

@ Gauge boson masses my,+ = o mz = 5
. grv
@ Charged fermion masses m; — — —
V2

* Not needed for electroweak symmetry breaking, but convenient to generate
fermion masses

Higgs mechanism predicts the existence of a new, neutral boson: the Higgs
boson, coupling to particles proportional to their mass, J¥ = 0+
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The Large Hadron Collider and the ATLAS experiment.

dam. -

LHC
@ Proton-proton collisions

% 2010/11 /5 = 7 TeV (6 b~ 1)
% 2012 /5 =8TeV (2311

@ 2013/14 shutdown: machine and
detector consolidation+upgrade

@ 2015- pp collisions at 13-14 TeV

ATLAS
@ Multipurpose detector: search for new
physics, Higgs, top and SM
measurements, ...

Outstanding performance of LHC and the
experiments
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Z — pp with 25 interaction vertices

The cost of high luminosity: pileup

Challenge to trigger, software

Recorded Luminosity [pb™/0.1]

ATLAS public plots]

and analyses
— Large amount of data to

process and store

— ldentification and

measurement of the

“interesting” objects,

including the primary
vertex

180F : T
F ATLAS Online Luminosity

3 \5-8TeV,[Ldt=208 0", qu>=207 ]
[0 \5=7TeV,[Lot=521b" q>= 9.1

0 5

10 15 20 25 30 35 40
Mean Number of Interactions per Crossing
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Higgs boson production at the LHC.

Giluon fusion: 19.5 pb

Higgs tends to have low pr

Associated production: 1.1 pb

q \%4
W
q H

Clear signature: reconstruct W and
Z in leptonic and/or hadronic decays

Vector boson fusion: 1.6 pb

Distinct signature with 2 forward jets
and little hadronic activity in between

Associated production with t£: 0.1 pb

g vosoooy—>—— 1

g TETTTT——— ¢

Tag presence of two top quarks

S
Production cross sections given at mg =125 GeV and /s =8 TeV
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SM Higgs boson decays.

5 1 ww EH
5’ J Higgs boson couples to mass
= 7 Decay branching fractions @ my =
&' © 125GeV
g ] H — bb 57.7%
10° 4 H—>WW 21.5%
H — 77 6.3%
] H — ZZ7 2.6%
10°700 120 140 160 180 __ 200 H — ~~ 0.23%
M, [GeV] 4

H — ~~: Comparably simple final state: 2 energetic isolated photons

Large event yield despite low branching fractions expect to see 475 signal
events in current dataset

Decay through loop processes — sensitive to new heavy particles

v
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What do we need for H — ~~7?

efficient « reconstruction + good separation of converted and unconverted ~ J

T
ATLAS

2 E 3
(0] 5 ]
% 8000 * bR m,=126.8 GeV (fi) ]
€ . eq e Bkg (4th order polynomial) 7
efficient ~ N o E precise
|dent|f|c_at|o.n, o 1Y Jua-san’ < calibration of
Iarge rejection E \s:BTev_[Lm=zo.7fb" 3]
of hadronic —— ] energy scale,
2 wp . good resolution
background 3 o E
i.T_ 100~ X 'Y
g -100 + e
L;'>j -20:) — TJSE 0
m,, [GeV]
performant ~+ trigger, compromise between high signal
acceptance and low enough rate J
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Photon reconstruction, identification and
calibration
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ATLAS Inner Detector (ID) and EM Calorimeter.

ells in Layer 3
AN =0.02450.05

R=1082 mm

TRT
R =554 mm

R=514mm b{ 4 7
serd k’
{ |
p ;.,.,

R=88.5mm

R =50.5 mm
R=0mm

R=122.5mm - g Pixels
Pixels L

|n| < 2.5, barrel-endcaps geometry
@ 3 layers Si Pixel
@ 4 double layers Si strips (SCT)

@ straw-tube Transition Radiation
Tracker (TRT)
% e¥ identification capabilities
through transition radiation

7

‘‘‘‘‘

—~
An<0gy5

Strip cells in Layer |

|n| < 3.2, barrel-endcaps geometry
@ Pb-LAr sampling calorimeter

@ 3 longitudinal layers with
accordion geometry and
presampler inside of cryostat

@ Fine granularity allows
measurement of shower shape
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Photon reconstruction

o
»

o
T T[T [T [T [T

+n=0 ATLAS Simulation |

sk Tnet @ ~ 40% of photons convert before
N reaching the calorimeter

o Efficient reconstruction of
converted photons needed

Probability of conversion
o
»

0.2 for dedicated

0.1 4o * photon energy calibration
s Y—rele | * photon identification

00 200 400 600 800 1000 1200

Radius (mm)
[ATLAS-CONF-2011-128]

R A e e L s i AL s L e R L e

Z gasf ™
. z 0.35: E
@ Conversion tracks from S o3 ATLAS Preliminary E
. . . . a F Data 2010 =7TeV, B
% Inside-out tracking seeded in Si 5 025 " ome by
[<] C : OO 3
detectors § 02 %Daciomz S E
i i N o E
* Back-tracking geedgd in TRT S oo1sh  botencrnz E
and extended into Si 2 b Cdmemgtomr e E
* Standalone TRT tracking 2 et ]
\ \ " 0.05¢ b 80 ¥ factor
@ Track selection relies on transition S E AP
. . v3
radiation in TRT LPUURL LU LU AP AP PO
1 10 1 10 10°
Pion momentum [GeV] Electron momentum [GeV]
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Photon reconstruction (8 TeV)

[ATLAS-CONF-2011-161]

ATLAS

EXPERIMENT

@ Reconstruction of conversion
vertices seeded from loosely
selected

* 2-track vertices consistent with
decay of massless particle

* “1-track vertices” missing hits in
innermost layer(s)

-

@ Reconstructed secondary vertices

¢ A e
{% E —e— Unconverted photons ATLAS Preliminary 3

(and tracks) matched to B 09T oo Data2012, 5=8TeV
-t e Jrasssw 3

s 'k E

. . . g o06c E

° without matching vertices & 50 rrrrerreeeeeeeeeeeeee,
or tracks: unconverted photons 5 o04a- E

8 03f .

. . w E e - E

@ Reconstruction robust against 02 E
. 0.1 =
pileup N T
10 15 20 25 30 35

o

[ATLAS public plot] Average interactions per bunch crossing
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Photon identification

@ Powerful jet-rejection (O(10%)) needed to
suppress dominant hadronic background %

@ Fine granularity of electromagnetic s
calorimeter allows photon identification =
PS

based on shower shape

> T T T T T

8 s ATLAS Preliminary —« yy+DY Data
5 2500 Data 2012 —=— yj Data =
£ e \s=8TeV,[Ldt=18.0fb" . jiData ]
o [ —+ Stat. uncertainty J
1 2000~ ‘m’ 4 Total uncertainty ]
[ 4+ 9
£ Foag, ]
1500:— L E
[ - 3
. ”“ -
1000 “u,,.'..”, 7
R Hoetern

5001~ " s "anun, en
r - '"'"--.-'m..._..“ ammpaen o
) ety
*00 110 120 130 140 150 160

m,, [GeV]

[ATLAS-CONF-2012-169]

[ATLAS public figure]

After photon identification and requiring
photon candidates to be isolated in
calorimeter and tracker

75% ~~y events
22% ~-jet events
3% jet-jet events
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Efficiency measurements.

Id efficiency for isolated
photons: E%?° <4 GeV

V.

Radiative Z decays:
Z — L~y

E7 of 10-80 GeV
Photon purity

@ ~ 90% (10-15 GeV)
@ > 98% (> 15 GeV)

s T T T
8 220
S jeof- ATLAS Preliminary
= 1200
€
140) \s=7Tov e
o [Lazson
100 140
120
o 100
sof- 50
40 50
T . 40
= 3% e
L s A 5
%40 60 180 200
m,, (GeV]

Z — ee tag-and-probe

+ transformation of electron showers to resemble

photon showers

[ATLAS-CONF-2012-123]

B et cacovamoremeas H
10 - B 10" B2 fianstormed electrons
3 W
10 102k
ATLAS * Preliminary ATLAS  Preliminary
10°k  Simulation 10°k  Simulation
10* 10*
04 04 05 06 07 08 08 1
R, R,
“Matrix method”
g P ey , I
g ) Purity determination
5. from track isolation
3 before and after id —
gL T id efficiency
200 400 E,(Ge¥
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Efficiency measurements

@ Partial overlap in Er regions
covered by the different methods

— Combination of measurements in
overlap regions

@ 1-2% uncertainties for Er <
40 GeV, 0.5-1% above 40 GeV

Uncertainty on H — ~~ signal yield

ICHEP 2012 | 10.8%
Dec 2012 5.3%
Moriond 2013 2.4%
ICHEP 2014 1%

Second-largest experimental
uncertainty on H — ~~ signal
strength (Phys. Lett. B 726 (2013))
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[ATLAS public plots]
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Energy calibration.

Electron and photon energy calibration completely revisited

SIMULATION

calibrated
ely
energy
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Energy calibration

AXIX,

0.5

-0.5

@ Longitudinal shower shapes of p,

e and unconverted ~ used to
determine material upstream of
calorimeter and relative calibration
of calorimeter layers
Improved simulation of upstream
material

* Radiation length can be

measured to 4-6% Xo

T T T T T T T T

T
1 0
[ ATLAS \s=8 TeV,ILdt =20.31b" ]
[ Improved simulation
F - .’“QO“.:“'" WW ,,,,,,$,%‘9,?f!o; .'9*
%% ﬁ S

4

-4 Material integral up to PS #

-¢- Material integral up to L1
-1 ! 1 I I | ! 1 I ! ! 1
0 02040608 1 121416 18 2 22 24

ml

o
T

= IR PRTETET A Arar S

[arXiv:1407.5063]
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o M
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g [ )
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lul
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Energy calibration e

S 0.06FT T T T T LA o
© ATLAS Simulation [!] Initial calibration
e MPV = 124.48 GeV
005 Hosyy Gy= 1.55GeV
\s =8TeV — MVA

MPV = 124.93 GeV
Oy = 139 GeV

@ New MC-based energy calibration 0.04
(separate for e, converted and 0.03
unconverted «)

* Improvement of v+ invariant
mass resolution of ~10% 0.01

o b bona b b b

L | 1 L 1 1

116 118 120 122 124 126 128 130 132 134

@ Absolute energy scale determined

from Z — ee g 1.002p—— ! o [G?V:]
* Typical uncertainty 0.05% in %1.0015? +Me
most detector regions, up to 5 1.o01f- *Ep 4
0.2% in regions with large ?.ooosf 3
amounts of passive material é 1 ﬂ'—t+:$::$:i:$::$:
IIO.QQQSE— —E
@ Energy scale stable with pileup ossok- E
within 0.05% 0'99855_ ATLAS \s=sTev,dez=zo.a o _g
09987 1 1 Il 1 "

10 15 20 25 30
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Energy calibration.

Cross checks
@ Energy scale measured from
Z — £~ agrees within
uncertainties

@ Linearity checked with J /4 and
Z — ee

Resolution

@ Resolution correction obtained
from Z — ee
@ Uncertainties
* Z — ee measurement
* Material simulation
* Calorimeter sampling term
* Pileup

3

Ac/c

0.025
0.02
0.015
0.01
0.005

o

-0.005

-0.01

-0.015
-0.025

[arXiv:1407.5063]

(= T T T T
£ Unconverted photons 3
E e Data 3
E Calibration uncertainty E
E_ . . E
E ATLAS \s=8 TeV;J- Ldt=20.3 "3
P HU U R ST 1
10 20 30 40 50 60
ET
E T T T T T T T LE|
E ATLAS \s=8 TeV, J-Ldt =20.3fb"
;_ — Total Unconv. photons, |=0.2 ‘2
E - Cst. term (Z— ee) =
E Sampling term E|
E -~ Material E|
E Pileup 3
E|

20 40 60 80 100 120 140 160 180 200

[arXiv:1407.5063] E; [GeV]
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Photon pointing and primary vertex selection.
m2_ = 2E1E3(1 — cos @)

Improve photon angle measurement using
@ Photon pointing
* Photon direction from calorimeter
using longitudinal segmentation
* Position of conversion vertex for z
converted photons (with Si hits) ~ 77TTTTTTETRRTY

012f—— u<t0 I
—— 10<p<15
—— 15<p <20
M—— 20<p

@ > p2, > pr (over tracks) and angular
balance in ¢ between tracks and
diphoton system s Tev)

T T T T
ATLAS Simulation
gg—>H—-vyy
my =125 GeV
\s=8TeV

T

T

o
T

— Contribution of angle measurement to
mass resolution negligible already
without primary vertex information

1/N dN/dm,, / 0.5 GeV

TTT T[T T T T T

— Good primary vertex selection needed
for Se|eCti0n Of Signal jets 116 118 120 122 124 126 128 130 132 134

[Phys. Lett. B 716 (2012)] my, [GeV]
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From discovery to measurements (and searches).

disentangle production modes: couplings to SM particles J
> 10000 T =
8 E ATLAS .
differential % 8000[— b gfﬂ‘ﬁgug;;ﬁglﬁ m,=126.8 GeV (fit)_: search for
Cross SeCthnS E sooo:— --------- Bkg (4th order polynomial) _: FCNC t N HC
w F e Hoyy .
o 3 —
. £ \s=7TeV.|-Ldt=4.8|b" .
spin U - STeVILdtz 207 16" = mass
9 swE - measurement
o 400~ -
3 WE E —_—
search for Lok y
hh — ~~bb l g . limit on width l
Lﬁ 1 110 120 130 140 150 0
m,, [GeV]

search for other narrow resonances with mass of 65-600 GeV J
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Mass spectrum and background parametrization.

7 TeV + 8 TeV data
% 10000 T T
15 ATLAS
o 8000 L Data 2011+2012 )
; SM Higgs boson m, =126.8 GeV (fit)
- ) Bkg (4th order polynomial)
Q6000
w

Hoyy

4000

Vs=7TeV _[Ldt =481
2000
Vs=8TeV Jde =20.7b"

500
400
300
200
100

0

AT T T[T T[T T ] U

R u//\uu b

100 + [ +'?T

-200 &~

Events - Fitted bkg

+‘Y'+ LR X
30

[Phys. Lett. B 726 (2013)]
Background+signal fit, signal fixed at
126.8 GeV

Signal clearly visible (~ 6 o)

140 150

0
m,, [GeV]

Diphoton selection

Identified and isolated photons
prt > 40 GeV, pJ? > 30 GeV

23788 events (7 TeV)
118893 events (8 TeV)

Background modelled by 4th
order Bernstein polynomial

Studied on high-statistics MC
and chosen to give good
statistical power while keeping
potential biases acceptable

Potential bias accounted for as systematic
uncertainty
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Mass measurement P —

T T T
[Ldt=451b"1s=7TeV ATLAS
Ldt=20.3fb" \s=8 TeV
I +Daa

Combined fit:
Mass measurement categories — Signalsbackground

Dedicated event categorization:
10 categories according to 17,
converted/unconverted v and pr;

s/b weighted sum

¥ weights / GeV

-« Background
— signal

my =125.98+0.42(stat)£0.28(syst) GeVJ

u=1.29+0.30

@ Dominant systematic uncertainty from
energy scale . e

T[T TT T TTT [ TTT[TTT[TTT[TTLATTTTT

Substantial improvement over previous
measurement:

Y. weights - fitted bkg

L L =
110 120 130 140 150 160

mpy =126.84+0.24+0.7 GeV m [GeV]

@ Observed shift consistent with expectation from new calibration
(-0.4540.35 GeV)

@ Decreased systematic uncertainty (1/2.5) thanks to improved calibration
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Mass measurement: systematic uncertainties.

AR, (6=t10)

oam)

LAr cell non-linearity
(layer 2)
LAr syst on material
before presampler (barrel)

LAr layer calibration (barrel)
ID material model (| < 1.1)
Lateral shower shape (conv)

Lateral shower shape (unconv)
H-yy background model
(unconv rest low pn)

Z—ee calibration
Presampler energy scale
(barrel)

LAr cell non-linearity
(layer 1)

- (0-8)/c, -2

20  -10 0 10 20

ATLAS

Is=7TeV [Ldt=451b"
1s=8TeV [Ldt=203fb"

15 -1 -05 0 05 1 15

2
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Separating production processes.

di-photon selection

1%

A

VH enriched

ggF enriched

[ATLAS-CONF-2013-012]

H

One-lepton
W(— W)H, Z(— IhH

l

ET™ significance
W(— IV)H, Z(— vv)H

|

Low-mass two-jet
W(= ji)H, Z(= j)H

I

High-mass two-jet
VBF

|

9 pn»n-conversion

ggF

<

gluon fusion categories according to resolution

and S/B

@ Dedicated categories for
separation of production
processes: VH, VBF, gluon fusion

@ Remaining events split into
categories of varying signal
resolution and S/B

* 7)41,2, CONVErsions, pr:

[J. Schaarschmidt]

2 unconverted: >=1 converted:

ne2) ne2)
1.75 L
1.3
0.75 0.75
0.75 n(yly 0.75 1.31.75 n(y)
WY
pr P r pr
T% T _thrust axis
pn Thrustt'= p’T -[;,3

[ATLAS-CONF-2011-161]
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VBF-enriched categories.

Select with 2 jets and VBF topology:

q > = q
@ 2 well-separated jets (11,2, An,j, m;j)
@ Boosted diphoton system (pJ.}) v H
@ Jet-photon separation (A, g —> N q

T]* = Myy — 1/2(7731 + "Ij2), AR’r);fln)

o
w

T T
—#= 2011 Data

'§> ATLAS X ] . . .
S 025F ¢ _ 71y =3-'ie',u A @ Variables combined in a boosted
9 L 22 vy+yj Uncertainty ]
B oot Imﬂ_sfbw 4 S decision tree
5 ool [77] " vermetzseey 3 @ High purity of VBF events
é > VBF purity  Ngig
w L
005 ] tight 76% 8.1
0T > loose 54% 5.3

[Phys. Lett. B 716 (2012)] i
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2-Jets candidate

CATLAS

A EXPERIMENT

Run Number: 204769, Event Number: 24947130
Date: 2012-06-10 08:17:12 UTC
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VH-enriched categories.

Inclusive leptons (W — fv, Z — £¢)
p% > 15 GeV or p4. > 10 GeV, isolated in tracker

and calorimeter

Missing transverse momentum (W — v, Z — vv)

ERiss significance ﬁ >95
Dijet (W — jj, Z — jj)
C ggF .IVBF. WH ®mZH ®ttH
ATLAS Simulation H_ﬂ* 60 GeV < mjj <110 Gev,

[ -

- - |An;;| < 3.5

= I

= L1

= _-: ;

= — VH purity  Ngig
oo C I
™ c ——— lepton 82% 2.9

°°°°° e Byt 8% 13

[Phys. Lett. B 726 (2013)] Sl composiion () dljet 47% 3.3
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Diphoton mass specitra for a few categories.

Unconverted central, high pr

Events / 4 GeV Events - Fit Events / 2 GeV

Events - Fit

nv. central, high p,
Data 2012

Background model
............ SM Higgs boson m, = 126.8 GeV (MC)

ATLAS Preliminary

Vs=8TeV, JLd« =207"

—o]
v Lertrrad o Do b Dol b

Tight high-mass 2- Jet

E H—>yy Tgmhgh mass two-jet

ATLAS Preliminary

Vs=8TeV, ILdt =207"
/

bhbonsandR

A U W S
S

) E
T+' +‘TT‘+%

o, 1GeVf°

B GV

Converted rest, low pr;

3 00— Hoyy Gonv.rest, owp, E
- uwe Data 2012 E
~ E Background model 3
8 vy SM Higgs boson m, = 126.8 GeV (MC) —
2 0 ATLAS Prshmlnary 3
& E E
s0E- E’BTe\/.ILdt:zn7m" =
w0 E
ol =
20E- 3
" e E
o g E
§ mmh” H ku ' %m‘h{ e
T R +?+TT+++*,
P + 4 3
w0 =
1 o 0 Iy i ey
miss
EX 3|gn|f|canoe
E wE- H—wv one e-lepton ‘ 3
+ oE- Data 2012 =
~ E Background model 3
e — S Higgs boson m, =126.8 Gev (MC)
2 E ATLAS Prelminary 3
w 20 =
f‘ + \@:BTEV,JLG(:207N)" E
= =
SE + + —+ 4 7
E 05 =
P + =
g =
I S S "\{ Ll + r
= } T Tt £
4 t b
L3 0 i i e
[ATLAS-CONF-2013- 012] My, [Ge!

Aug 12,2014

29/44



Separating production processes.

E N — Total
Hyy E :
E — Stat.
: — Syst.
H———tH
Hyee H

aghtH Is=8TeV [Ldt=20.7 fb ]

T P ATLAS T E

" E | Hee—H 2011-2012 =
F ‘ | | my = 126.8 GIeV

0 1 2 3 4 5 6

L L B L B L L B

s=7TeV [Ldt=481f" ]

Signal strength

[Phys. Lett. B 726 (2013)]

p =1.55+0.23(stat)£0.15(syst)£0.15(theo) (at myg =125.5 GeV)

Largest contributions to systematic uncertainty

@ Invariant mass resolution
@ Photon identification efficiency

Have been improved and will be used for the next update
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Search for production in association with tt.

@ Aim for high efficiency for t¢H , while suppressing other production modes

Search in two event categories

@ Fully hadronic: 2t — bjj’
* > 6(b) jets (> 2(1) b-tagged)
@ Leptonic: 1 or2t — blv

* >1 electron or muon
* >1 b-tagged jet
* ERiSS > 20 GeV

@ tHqb and WtH production
taken into account

[ATLAS-CONF-2013-080]
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Search for production in association with tt.

Events /5 GeV

Leptonic
T T T T T 3
[ —Data ATLAS Preliminary 3
£ - - el

F — Background it 57 8TeV [Ldt=20.3 b 1

{tH, H — 7y, m, = 125.4 GeV ]

------ n=13 8 TeV leptonic category ]

k 1 1 1 1 1 5
110 120 130 140 150 160

m,, [GeV]

[ATLAS-CONF-2014-043]
T T T T T T
| ATLAS Preliminary\s=7 TeV, JL dt=4.5 o' |
2011-2012 \s=8 TeV, IL dt=20.3 fo’!
Hadronic [~
Leptonic [ B Expected (67=0) + 16 —
------- Expected (67=0) + 26
Observed
Combined -~ NENE ... SM signal injected
1 1 1 | |

5 10 15 20 25 30 35

95% CL limit on 6™/ at m, = 125.4 GeV

Hadronic
> 1 T T T T
3 b + ata reliminar ]
059 NH 050 % of - Zalkground fit tsr:i:v }L"H;c'a 'bA‘G V{
£ {tH, H — yy, m,, = 125.4 GeV |
0.47 NtfH 0.42 E 8- n=13 8 TeV hadronic category ]
80%FPurity 84% % 1
4 |
(8 TeV) F ‘L ‘L ]
A4 E
+ w N
11‘0 1&0 150 14;0 15‘0 160
m,, [GeV]
@ Assume SM for other production modes
and BR(H — vv)
ottH /gt < 6.5 @ 95% CL
(4.9 expected) at mg=125.4 GeV
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Detailed coupling studies:
combination with the other decay channels




Combining with the other decay channels.

H— ZZ*
— 44

[Phys. Lett. B 726 (2013)]

H — 7

[ATLAS-CONF-2013-108]

40~

Events/5 GeV

Events / bin
< U

Q,
R

0

> T T
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[Phys. Lett. B 726 (2013)]

H — bb

[ATLAS-CONF-2013-079]
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Separating production channels.

[ATLAS-CONF-2014-009]

. H =+ o(stat.) .
° Coupllng to vector bosons ATLAS Prelim. oy Total uncertainty
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. . - .
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[ATLAS-CONF-2014-009] HggMH 3 m / n
\s=8TeV [Ldt =203 b VBF+VH 9gF+ttH

@ Combination of decay channels

(at level of 11) would need 4.1 o evidence for VBF J

assumptlons on BRs (obtained profiling pev)
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Detailed coupling studies.

@ LO-inspired coupling scale factors «;:

m2 \-mz — 2m?
= K32_HH3 +/h Z,—ZZ ZHH +@@ WwirwrH
v
o

+ hvv)— ((Ob QWZ“,,Z‘“’ + 2 ﬂ’* w- “”) H
nf f
— |(m) fffﬂjz Lrre) S “Lpr| .
f=u,ct =d,s,b f e, T
@ «; defined such that x; = 1 for SM (including higher-order corrections)
@ Effective coupling scale factors - and k4 treated as function of more

fundamental scale factors k¢, kg, Kw, ... for some tests
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Specific benchmark models.

Probing fermion and boson couplings
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[ATLAS-CONF-2014-009]

@ Simplest non-trivial model

@ H — ~~ decay gives sensitivity
to relative sign

@ Agreement of SM hypothesis
with data ~10%

Probing custodial symmetry

[ATLAS-CONF-2014-009
T T

N T T T
63 10; ATLAS Preliminary Poughepza] b
2 [ 1s=7TeV, [Ldi=46481" o ]
~ L — serve -
N g ls=8TeV. JLat=203 10" ]
[ Combined H— yy,22* WW*zt,pb ~~~ SMexpected ]

o !

4 C ]

2F ]

ot B

16

Mz

@ \wz =Kkw/Kz
* Common kr for fermion
couplings
@ Agreement of SM hypothesis
with data ~19%
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Probing beyond SM contributions.

Effective scale factors x4 and k., allow for new contributions in loops

Only SM contributions to total width

A R e
2.4 ATLAS Preliminary + SM E
2.2F 1s=7TeV, [Ldt=4.6-4810" X Best fit E

of 15=8TeV, [Ldt=2031b" —68% CL
185 Combined H— yy,2Z* WW* t7,06 - 95% CL E
1.6 E
tap T 3
12\ T -
E S ~ |
1= S ~. =
0.8F I E
O'G:_.‘HJ.H‘llH.IHHIn‘.J‘.HI‘H.I“..I.H.M.H_:
0/8LA0.90NF2011:9091.2 1.3 1.4 15 16 1.7 1.

@ Agreement of SM hypothesis
with data ~9%

i
2

No assumptions on total width

[ATLAS-CONF-2014-009]

~ — e
£ jof- ATLAS Preliminary [0 BR ] 1
£ F 1s=7TeV, [Ldt=46481" " f
~ r | —— Observed g
Yoo 15=8TeV, [Ldt=2031b ]
[ Combined H-> yy,22* WW*tt,bb ~~ SMexpected 1

6 ]

4 ]

2 ]

ot L N

@ Allow for undetected or invisible

final states

@ BR;,., < 0.41 (at 95% CL)

(expected: 0.55)
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Most generic model.

...free couplings to SM particles and allowing for deviations in loops and

additional contributions to total width

@ No sensitivity to relative signs
between couplings

@ No sensitivity to Higgs-top coupling
* Degenerate with gluon-fusion loop
* Needs observation of tt H production

@ Agreement of SM hypothesis with

data ~21%

ATLAS Preliminary Total uncertainty
my =125.5 GeV + 1o + 20

M“Z‘;’yzv Mz Moz s Mgz Mg K
Py 21% +0.17
‘AYZ|:1 '02—0.14 I [ ,/ [RAL
_ ant0-15 \
|sz|70.8070 14 [ B 1 i
104l
|7"bz‘—0'3 oaf | /P’/' | [
/
_n ont0-22 \ /
R2=0-90" o I = i 1 [
_( 7210.22 \
p‘sll’o‘nfovue | e [
+2.2 :
[hygl=0-027 B N B L
+0.17 \
kgzl=1.18" o | I Nl [
0 0.5 1 1.5 2
\s=7TeV [Ldt=4.6-4.8 0" Parameter value

\s=8TeV [Ldt=203fb"
[ATLAS-CONF-2014-009]

Aug 12,2014 39/44



Backto H — ~~ |

Aug 12,2014 40/44



Differential cross section measurements.

Full 8 TeV dataset allows to make first differential cross section measurements

@ Almost model-independent
measurements of production and
decay kinematics

@ Measure kinematic distributions of
Higgs, of associated jets, ...

@ H — ~~ decay well suited thanks to
good resolution and “high” signal yield

@ Background subtracted in a simultaneous
signal-plus-background fit to all bins

DataBig
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Differential cross section measurements.

@ Bin-by-bin unfolding for detector acceptance, resolution and efficiency
@ Unfold to fiducial region defined by photons (and jets)
* prr0® > 0.35(0.25) myy,  |n7M%| < 2.37

J ]
* Pr > 30 GeV, |y | < 4.4 [arXiv:1407.4222]
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g + ) s9-oh s xH S Y wonumonswaxn | L ) g9 a0 pre + X
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@ Differential measurements presently dominated by statistical

uncertainties
@ Data and predictions agree within current uncertainties
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Fiducial cross section measurements.

Fiducial cross sections with specific signatures and topologies

Diphoton baseline ATLAS‘ -+
H-yy, is=8TeV * |
N >1 Ldt=2031b" o
e —e— data syst. unc. * |
Niets >2 ] *—0—
Njets >3 v ——
Bl XH = VBF + VH + ttH |
[ LHC-XS + XH
VBF-enhanced o—e— B HRes 2.2 + XH
%* STWZ + XH
Nigptons 2 1—F— & JetVHeto + XH
% BLPTW + XH J
miss B MiNLO HJ+PY8 + X H
ET* >80 Gev M MiNLO HJJ+PY8 + X H
107 2x107! 1 2 345 10 2030 10?
Ojq [fb]

@ Agreement with predictionsto 1 — 2 o
oad(pp > H — vv) = 43.2 &+ 9.4(stat)t2:g(syst) 4 1.2(lumi) fb

Theory predictions
with LBL
contributions
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Conclusions and outlook

T T T T T T T

= ATLAS 2011-2012  _ o,

§ \s=7TeV: [Ldt=46-4.81" wes Exp.
\s-8TeV: [Ldt-58591b" [EAY

@ Successful transition from Higgs search to
Higgs measurements over the past two
years

o v vl vl o wnd o ol i

@ Precise measurement of mass, oo :
measurements of couplings, differential T A 5 Mo 145 150

. R . . my [GeV]
cross sections, limits on width, ... - B
L. > ATLAS ~4-data  syst. unc.
@ Most measurements currently limited by g 1 | U wnomonsemxn 5
statistical uncertainties &
* Effort to improve calibration, efficiency ;‘2
measurements, ... paid off
107‘7 H- =8TeV E
— Precision of measurements will improve [ v
with larger datasets in Run2 Nuw20 47T P
@ But will also have to work hard to improve 3
“tt i.so a ettc.’ t.° ardtoimprove g » | gt
systematic uncertainties R i “‘T‘“ e
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P} 1GeV]
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Mass measurement: statistical uncertainties.

mu = 125.98 £ 0.42 (stat) £ 0.28 (syst) GeV (4= 129£030) 3 “F 7 7
g "k Lot - 203107 15-8 Tov e
¥ wf :"“‘“ME“"'“ ) Combined i: ]
ok s massermnt cagores e W
to be compared with: E - Backprung

— Signal

The previous measurement: 126.8 + 0.2 + 0.7 GeV
® observed shift (0.8 GeV) consistent with expected
shift -0.45 £ 0.35 GeV
® syst.error decreased by factor 2.5

RN | [ Exp.o | Obs.o |

155 0.33GeV 0.24 GeV
129 0.35GeV 0.42 GeV
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